Bacteria are omnipotent and they can be found everywhere. The study of bacterial pathogens has been happening from olden days to prevent epidemics, food spoilage, losses in agricultural production, and loss of lives. Modern techniques in DNA based species identification are considered. So, there is a need to acquire simple and quick identification technique. Hence, this review article covers the efficacy of DNA barcoding of bacteria. Routine DNA barcoding involves the production of PCR amplicons from particular regions to sequence them and these sequence data are used to identify or "barcode" that organism to make a distinction from other species.
Introduction
Nowadays DNA barcoding has become a justifiable tool for the assessment of global biodiversity patterns and it can allow diagnosis of known species to nontaxonomists [1] . DNA barcoding is a fast, accurate, and standardized method for species level identification, by using short DNA sequences. In 2003, Hebert from the University of Guelph, Ontario, Canada, proposed a new technique called DNA barcoding. Hebert and his associates published a paper entitled "Biological identifications through DNA barcodes". They proposed a new system of species identification, that is, the discovery of species by using a short segment of DNA from a standardized region of the genome. That DNA sequence can be used to identify different species. DNA barcoding is the standardized research that facilitates biodiversity studies like species identification and discovery. This technique helps researchers to understand genetic and evolutionary relationships by assembling molecular, morphological, and distributional data [2] . Species-level identification by DNA barcoding is usually adapted by the recovery of a short DNA sequence from a standard part of the genome [3] . The sequence of barcode from each unknown specimen was then compared with a library of reference barcode sequences obtained from individuals of recognized identity [4] . DNA barcoding is an obligatory tool for species detection and specimen identification [5] . Using standardized identification method is very advantageous for mapping of all the species on Earth, especially when DNA sequencing technology is inexpensively obtainable. The term "DNA barcode" suggests that the standardized DNA sequences can identify taxa in the same way as the 11-digit Universal Product Code identifies retail products in market [6] . Lambert et al. (2005) scrutinized the opportunity of using DNA barcoding to measure the past diversity of the Earth's biota [7] .
The barcode of life data system (BOLD) is an informatics workbench assisting the possession, analysis, storage, and publication of DNA barcode records. It links a traditional bioinformatics opening by collecting morphological, molecular, and distributional data. BOLD is freely accessible to any researcher with awareness in DNA barcoding. It helps the assembly of records that meet the standards required to gain barcode designation in the global sequence databases by affording specialized services [8] . BOLD could serve as the universal starting point for identification of species, which would convey users to refer to specialized databases, for example, pathogenic strains, endangered species, and disease vector species [9] . DNA barcoding study 2 Advances in Biology has been assisted by the barcode of life data system (BOLD), an online resource available to the scientific community (http://www.boldsystems.org). This resource presents tools that let researchers carry out neighbor-joining clustering, to identify taxa using an updated sequence library, among other things, and to store information on the different groups studied [10] .
The quarantine barcoding of life (QBOL) aspires to acquire DNA barcode data of important species of bacteria and other organisms to build an analytical tool for quarantine [11] . Species quantification by using the total DNA barcode determines the composition of an insect's bacterial symbionts and how they alter in time, inspecting novel bacterial pathogens of insect pests and assessing hidden biodiversity of soil samples [12] [13] [14] . The consortium for the barcode of life (CBOL) was launched in 2004 and now it includes more than 170 member organizations from 50 countries to promote DNA barcoding sensu stricto as the global standard for identification of biological specimens [15] .
The Great Criticism on DNA Barcoding
In the beginning, DNA barcoding was faced with great criticism [16] [17] [18] [19] by people who feared that a universal DNAbased approach for species identification will gain exclusivity over traditional methods and taxonomists would go extinct while funding would be vacuumed by high-throughput facilities in order to afford "barcode-species" (i.e., species seen as strings of nucleotides). Even though the major impulsion of DNA barcoding is global bioidentification and its merit is justifiably controversial [18, 20] , the barcode data can be regarded as phylogeographic in its nature because it places specimens in one or another reciprocally monophyletic groups [21] .
DNA Barcoding of Bacteria
DNA barcoding is intended as a way to catalogue life. This novel method makes use of short but specific DNA tags, or "barcodes" to distinguish one species from another [22] . The majority of species are cryptic in the case of microbes, so barcoding can afford useful information to evaluate ecological sequences and resolve conservation priorities [23] .
The study of bacterial pathogens provides a picture of how populations of bacteria act as groups, but with insufficient resolution to see how microorganisms act as individuals but we do not distinguish the minimal number of microbes that instigate infection in a particular organ site. So, it is necessary to produce markers that differentiate between clones in a mixed population during an extended infection. Signature tagged mutagenesis was offered for the behaviour of pools of mutated bacteria and this engages preparing a bank of individual mutants with transposon insertions, each of which has a unique oligonucleotide barcode, allowing the fate of individual mutants to be followed [24] [25] [26] [27] [28] . This method has been used widely to identify virulence factors essential for different stages of infection with numerous bacterial pathogens. In addition, it can allow investigators to follow the fate of individual bacteria during infection.
Phytoplasmas are bacterial phytopathogens that produce losses in agricultural production. Makarova et al. (2012) , developed a universal DNA barcode based on the elongation factor Tu (tuf) gene for phytoplasma identification and designed a new set of primers which amplified a 420-444 bp fragment of tuf from all 91 phytoplasmas strains tested (16S rRNA groups -I through -VII, -IX through -XII, -XV, and -XX) [29] . Comparison of neighbor-joining (NJ) trees constructed from the tuf barcode and a 1.2 kbp fragment of the 16S ribosomal gene showed that the tuf tree is similar with the 16S rRNA tree and had higher interand intragroup sequence divergence. Mean K2P (Kimura 2-parameter distance model) inter-/intragroup divergences of the tuf barcode did not overlap and had approximately one order of magnitude difference for most groups, suggesting the presence of a DNA barcoding gap. They demonstrate that DNA barcoding can be used for identification of phytoplasmas. The tuf barcode performs as well or better than a 1.2 kbp fragment of the 16S rRNA gene and thus provides an easy procedure for phytoplasma identification. The use of the tuf barcode allowed separation of main ribosomal groups and most of their subgroups. Phytoplasma tuf barcodes were deposited in the NCBI GenBank and Q-bank databases [29] .
A DNA marker that differentiates plant associated bacteria at the species level and below was derived by comparing six sequenced genomes of Xanthomonas, a genus that has many important phytopathogens. This DNA marker consists of a portion of the DnaA replication initiation factor (RIF). Unlike the rRNA genes, DnaA is a single copy gene in the huge majority of sequenced bacterial genomes, and amplification of RIF needs genus-specific primers. The RIF marker is appropriate for the meaningful grouping and classification of strains and presents a greater sequencing success rate than the ITS and a greater number of sequence barcodes than the (internal transcribed spacer) ITS. The RIF marker system should be expandable to most bacterial genera, including Pseudomonas and Xylella [30] . Natalie (2013) tested the consequences of fire on microbial communities in chaparral soils by DNA barcoding and also the comparison of microbes found in burnt and unburned soil samples. The Soil Sample of the chaparral area where there had been a wildfire in May of 2012 was collected and another soil sample collected from around the same elevation where one area was not exposed to the fire. The gene used for DNA barcoding was the 16S rRNA gene. For PCR two sets of primers were used, one for bacteria and another for archaea. The DNA was then purified and sub-cloned into the TA plasmid. Sequencing of sixty-two plasmids resulted the DNA data and that was used to search the National DNA database (NCBI) using the blastn program. The idea of this experiment was to discriminate the long-term influence of wildfires on the microbial community found in chaparral soil and ascertained that the archaea microbes found in both the burned and unburned soil samples have similarities. The data shows that the most plentiful microbes found in the unburned samples are much less prominent in the burned samples. Natalie (2013) was able to see a much larger variety in the burned samples meaning that many of these soil archaea microbes might had quickly moved in after the fire, after the community instigates to stabilize, these microbes might displaced [31] .
Microbial community ecology is an area of fast growth centred within the larger discipline of microbiology. A research team created an artificial microbial community. They used colour-coded enterobacteria taxa transformed with broad-host range plasmids that encoded green fluorescent protein colour variants and developed about microbial fitness. This includes understanding community composition, that the members of a community can respond in different ways to external events and, that these responses can be used to measure fitness. The results measured through pre and post testing and indicated a gain in understanding about microbial communities. Bar coding of selected enterobacterial species using fluorescent proteins provides a simple and speedy method for distinguishing species identity [32] .
The influence of bacterial reproductive parasites, for example, Wolbachia, on DNA barcoding remains notorious. Stahlhut et al. (2012) illustrated DNA barcoding as a tool that needs close analysis and taxonomic background knowledge to be understood precisely, analogous to taxonomic keys [33] . By itself, barcode libraries can be precious and helps to identify research questions. In the DNA barcoding literature, however, "democratizing taxonomy" is repeatedly being admired as attainment and a major goal of DNA barcoding [34] [35] [36] . Furthermore, although Stahlhut et al. (2012) claimed that DNA barcodes are not used with disregard to other evidence, DNA barcoding studies relying on a single marker are numerous [37] [38] [39] [40] [41] . In Michael and Christoph, (2013) opinion, a multilocus sequence typing (MLST) approach could largely reduce the problems that are connected with DNA barcoding as it is presently practiced [42] . MLST-approaches are widely used for the identification of prokaryotes like Wolbachia strains [43] . Therefore, as already recommended by others [44] , Michael and Christoph, (2013) powerfully support the inclusion of additional nuclear markers in future barcoding users [42] .
In oceans, microbial life is accountable for 98% of the primary production and the mediation of all the biogeochemical cycles [45] . Microscopic species are the fundamental agents of numerous diseases [46] . Microbiosphere is the unstable and can be dominant at a location or specific time, but rare, and therefore difficult to survey at another time or location. The DNA barcoding of microbial diversity has yet been poorly studied. The rising community genomics [47] and the metagenomics approaches assure great insights on prokaryote biodiversity and molecular evolution [48] [49] [50] [51] [52] .
Research exploring the community dynamics of microbes relied heavily on gene-centric metagenomic profiling using two genes (16S rRNA and 60 kDa chaperonin protein (cpn60)) to recognize and identify the bacteria. With the framework of the International Barcode of Life, Links et al. (2012) evaluated DNA barcodes for bacteria from the 16S rRNA gene and the protein coding cpn60 gene. They found cpn60 universal target having a much larger barcode gap than 16S rRNA suggesting cpn60 as a preferred barcode for Bacteria and that large barcode gap for cpn60 provided a robust target for species-level characterization of data. Assembling consensus sequences for barcodes was shown to be a reliable method for the tracking and identification of novel microbes in metagenomic studies [53] . Accordingly, it is realistic to believe the use of this framework for evaluating barcoding targets for archaea, including 16S rRNA and type II chaperonin (ortholog of cpn60) [54] .
Taxonomic identification of biological specimens on basis of DNA sequence information (DNA barcoding) is becoming more and more common in biodiversity science. There are two proposed new computational methods of DNA barcoding and explain a benchmark for bacterial/archeal 16S barcode loci that can be utilized to compare the performance of existing and new methods. The benchmark results also indicated that the taxon coverage of reference sequences is far from complete for genus or species level identification in all the barcode loci observed. Consequently, it is the need to step up the registration of reference barcode sequences to apply high-throughput DNA barcoding to genus or species level identification in biodiversity research [55] . In a reality, the idea of molecular barcoding for taxonomic purposes was reported [56, 57] .
Using a molecular operational taxonomic unit (MOTU) system is not only allows the fast and valuable identification of most taxa, as well as those not encountered before, but also allows analysis of the evolution of patterns of diversity. A MOTU approach is also having problems, particularly in the area of choosing what level of molecular difference defines a biologically relevant taxon, but has many benefits. Progress in high-throughput sequencing methodologies, though, place the thought of a universal, multilocus molecular barcoding system in the realm of the possible [58] .
DNA barcode approaches enable the generation of complete phylogenetic hypotheses for entire communities of Bacteria by using universal primers [59, 60] allowing ecologists to tackle fundamental questions regarding to the processes triggering their distribution and assembly [61, 62] . The status of sequence data among microbiologists has almost certainly been driven by the truth that direct scrutiny of the organisms in these communities is challenging, but also as a consequence of the accessibility of barcode data and tools for studying microbial communities [63] . The most commonly used barcode gene of bacterial and archaeal communities in studies is the small subunit ribosomal 16S rRNA. Innumerable studies had used this marker as a barcode to quantify microbial community structure from environmental samples based on DNA sequences [64] . Those studies suggest that we have only started to scrape the surface of microbial biodiversity; for example, of the millions of bacterial species assessed to exist [65] , merely a little part has been illustrated scientifically in existing sequence databases [66] . Researchers allowed addressing ecological questions on more than a few fronts by investigating cryptic diversity through DNA barcoding [67, 68] . Liu et al. (2013) wanted to test whether Mollitrichosiphum, an aphid genus with life cycles on subtropical woody host plants, and Buchnera, the primary endosymbiont of aphids, evolve in parallel [69] . Buchnera belongs to thesubdivision of the proteobacteria and is generally believed 4 Advances in Biology to exist in all aphid species and located in specialized cells, bacteriocytes [70] . They used three aphid genes (mitochondrial COI, cytochrome oxidase subunit I and Cytb, cytochrome b; nuclear EF1 , translation elongation factor 1 alpha) and two Buchnera genes (16S rDNA; gnd, gluconate-6-phosphate dehydrogenase) to rebuild phylogenies. The similarity between the phylogenetic trees of aphids and Buchnera was then measured. The results show the phylogenetic evidence for the parallel evolution of Mollitrichosiphum and Buchnera at the intraspecific as well as the interspecific levels and it supports the opportunity of using endosymbiont genes to srutinize host evolutionary history and biogeographical patterns. They also explored the exploitability of the Buchnera gnd gene as a barcoding marker for aphid identification. Although their sampling was limited, the study indicates that the Buchnera gnd gene is just as good as COIas a barcoding marker for aphids [69] .
Importance of Nanomaterials and CPN Microparticles on DNA Barcoding of Bacteria
The innovative techniques to identify trace amounts of infectious pathogens quickly, perfectly, and with high sensitivity are in invariable demand to prevent loss of lives and epidemics. Early detection of these pathogens to prevent, treat, and contain the spread of infections is crucial. Adaptable biofunctionalized engineered nanomaterials provide these needs in diagnosing the pathogens in food, blood, and clinical samples. Focusing on the developments of the fluorescent nanoparticles, superparamagnetic nanoparticles and metallic nanostructures is useful for bioimaging, detection of infectious microorganisms, capture infectious virus and bacteria in solutions, food or biological samples in vitro and in vivo [71] . Zhang et al., (2009) developed a fluorescent biobarcoded DNA assay for the rapid detection of the Salmonella enteritidis gene, based on two nanoparticles (NPs): magnetic nanoparticles (MNPs) and gold nanoparticles (Au NP) [72] . Gold/silver/nickel (Au/Ag/Ni) barcoded nanowires demonstrated the multiplexed detection of three antigens that are bio-threat stimulants. They used Bacillus globigii (Bg) spores to simulate B. anthracis and other bacterial species [73] . However, large-scale synthesis of high quality barcode nanowires is challenging. Furthermore, complexity in target detection that uses both fluorescence and reflectance imaging modalities will limit the application of this technique in constrained setting environments. Newly, the progress of molecular imaging and multiplexed bioassays has become growingly important in drug discovery, gene profiling, and clinical diagnostics [74, 75] . Conjugated polymers opened themselves as useful optical platforms to sensitively detect biological and chemical molecules by reason of the signal amplification by a collective system response [76] [77] [78] [79] . DNA based self-assembly for fluorescence nanobarcodes deliberated [80, 81] . Attenuated intracellular bacteria are biodegradable and biocompatible, identified to act as good nonviral means to transfer plasmid DNA into mammalian cells and surfaces of them can be simply modified to accomplish antigen-antibody recognition [82] . Feng et al. (2013) reported a new technique for preparing encoded multicolour conjugated polymer nanoparticles (CPNs) based on the self-assembly of CPNs and bacteria by a simple and time-saving manner. Their bacteria, CPN microparticles, showed multicolour emissions by tuning fluorescence resonance energy transfer (FRET) efficiencies among CPNs under single excitation wavelength and exhibited large stokes shifts up to 170 nm and they matched well to different excitation sources of fluorescence microscopy, flow cytometry and had been successfully applied for cell imaging and optical barcoding. They said that bacteria-mediated selfassembly for multicolour regulation has not been investigated before for multiplexed bioassays and imaging. They prepared various colour-barcoded microparticles by just mixing the E. coli and the CPNs together under one excitation. Four CPNs were prepared with four colours: green, yellow, blue, and red. This new technique was developed for the first time for preparing multicolour CPN-encoded microparticles based on the self-assembly of a noninvasive bacteria (E. coli) and CPNs by just mixing them together. These multicoloured particles exhibited low toxicity towards cells and applied for optical barcoding and cell imaging. This study opens up a new perception in preparing multifunctional structures based on the self-assembly of living organism with functional materials, and it extends the application of water-soluble conjugated polymers in biomedical fields [83] .
Diverse severe human infections and some of their symptoms may be induced by different subtypes of Mycobacterium tuberculosis (MTB) like the other pathogens, for example, Nontuberculosis Mycobacteria (NTM). So, effective control of MTB infection and proliferation is required the determination of mycobacterium subtypes. This study develops a novel DNA barcoding visualization method for molecular typing of 17 Mycobacteria genomes published in the NCBI prokaryotic genome database. Three Mycobacterium genes (Rv0279c, Rv3508, and Rv3514) from the PE/PPE family of MT Band were noticed to best represent the interstrain pathogenetic variations. A perfect and fast MTB substrain typing method was recommended based on the combination of the aforementioned three biomarker genes and the 16S rRNA gene and this may also be applied to the other pathogens. In this report, a genomic barcode visualization technology through calculating the base composition of Mycobacterium was built, and screened three genes (Rv0279c, Rv3508, and Rv3514) from the PE/PPE family of MT Band which could be used in Mycobacterium typing. These three genes contained the whole genetic information of Mycobacterium, which had high distinguish ability and combined with 16S rRNA gene could attain accurate molecular typing. In the future, this genotyping research will support the genetic potentials accurately and brings hope for conquer disease caused by Mycobacterium [84] .
It is challenge to rapidly identify patients infected with Mycobacterium tuberculosis in resource constrained environments. A vigorous and sensitive proposal that does not require bacterial isolation or culture is critical in making informed diagnostic and therapeutic decisions. 
PCR-amplified
Mycobacterial genes are sequence-specifically captured on microspheres, labelled by magnetic nanoprobes and detected by nuclear magnetic resonance. All components are incorporated into a single, small fluidic cartridge for streamlined onchip operation. They used this platform to detect M. tuberculosis and identify drug-resistance strains from mechanically processed sputum samples within 2.5 h. United with portable systems, the magnetic barcode assay holds promise to become a sensitive, high-throughput and low-cost platform for pointof-care diagnostics. The magnetic barcode platform is a versatile technology that could be readily applied to other studies and diseases. By changing the probe sequences, it could be a first-response tool to detect pathogens in hospital-acquired infections, food chains, and biodefense [85] . The system could also be a bedside tool to identify genetic mutations in chronic diseases, including cancer, heart diseases and diabetes and applied the platform to detect the single-point mutation in exon 21 of epidermal growth factor receptor which has clinical implications in lung cancer [86] . The barcoding strategy is not limited to magnetic readout, but can be extended to luminescent and plasmonic readouts using quantum dots and gold nanoprobes, respectively [87] . The magnetic barcode assay would then be a really facilitating technology for point-of-care diagnostics [85] .
Applying a new integrated technique for envisaging bacterial genomes to recognize novel pathogenicity islands in Helicobacter pylori was done by Wang et al. (2013) . A genomic barcode imaging method (converting frequency matrices to grey-scale levels) was intended to visually distinguish origin-specific genomic regions in H. pylori. The complete genome sequences of the six H. pylori strains published in the National Centre for Biotechnological Information prokaryotic genome database were scanned and compared to the genome barcodes of Escherichia coli (E. coli) O157: H7 strain EDL933 and a random nucleotide sequence by Wang et al. (2012) . The following criteria were applied to recognize potential pathogenicity islands (PAIs): (1) length is greater than 10000 continuous base pairs; (2) barcode distance is distinct from that of the general background, and (3) containing genes with known virulence-related functions (as determined by PfamScan and Blast2GO). Large DNA fragments obtained through horizontal transfer and which bear multiple genes encoding bacterial factors with virulence functions are called PAIs [88] . Genomic barcode imaging represents an effective bioinformatic-based approach for scanning bacterial genomes, such as H. pylori, to identify candidate pathogenicity islands (PAIs) [89] .
In recent times, the genome of Lactobacillus helveticus DPC4571 was sequenced [90] and made known a dairy organism with significant homology (75% of genes are homologous) to a probiotic bacteria Lb. acidophilus NCFM [91] . This directed O'Sullivan et al. (2009) to imagine that a group of genes could be determined which could define an organism's niche [92] .
Comparative analysis revealed that if an organism had homologs to the dairy specific gene set, it probably came from a dairy environment. They propose that this "barcode" of 9 genes will be a useful initial guide to researchers in the LAB field to indicate an organism's ability to occupy a specific niche. Their objective in this study was to take the differences in the phylogenetically related species, Lb. helveticus and Lb. acidophilus, and to investigate if they could define a niche specific gene-set, or a "barcode, " which would help inform on the origin of particular strains of LAB. Of the sugar metabolism genes analysed, only one (lba 1689) can be used in their barcode as a gut organism indicator.The gut strain Lb. acidophilus NCFM and the dairy strain Lb. helveticus DPC4571 share notable genetic relatedness regardless of coming from such differing niches. They performed an all-against-all BLAST search between Lb. helveticus DPC4571 and Lb. acidophilus NCFM, which identified 626 genes that differed between the two, possible niche identifier genes, with a threshold of 1 −10 and greater than 30% identity for homologue detection and explored each of the 626 genes against an eleven genome group. From this analysis 9 genes emerged as being niche specific, that is, genes which were found solely in organisms associated with the gut or genes found solely in organisms associated with the dairy environment. They observed that these 9 genes were involved in characteristics desirable for gut or dairy survival, namely sugar metabolism, the proteolytic and R/M systems and bile-salt hydrolysis. At the same time, to this unbiased bioinformatic test they examined in depth all genes involved in dairy and gut characteristic traits for niche-specific genes and importantly they ended up with the same 9 gene "barcode. " These 9 "barcode" genes were further validated by performing wider homology searches, using the same homology detection thresholds to ensure that the gutspecific genes were not present in other dairy organisms and vice versa and the 9 gene "barcode" was maintained.
Certainly this barcode should be incessantly monitored and in advance validated as more genomes are sequenced to uphold its accuracy. Furthermore, all the time there is the potential for dairy organisms to be set up to the gut environment through useful food which may guide to them evolving to survive in this environment, for this purpose also, we should continuously monitor and update the barcode [92] .
The great quality of biological systems is heterogeneity. Advances in Biology DNA barcoding can be used as a universal tool for food traceability to identify biological specimens. Although, from a merely technical point of view, it is not completely innovative in few years, it has become widely used [46] .
Discussion
The above findings of research on DNA barcoding of bacteria are very minimal. Despite of all the criticisms on DNA barcoding [16] [17] [18] [19] , it is used for global bioidentification. and Hickerson et al. (2006) say that the merit of DNA barcoding is justifiably controversial [18, 20] . But the DNA barcoding is expanding in time to fight back to differentiate "species" that are very similar. Barcoding can be employed as a way for arranging novel compilations stranded on barcode sequences and it perhaps work fine for species that were previously much deliberated [95] . The said findings stated that there is a need to develop this area of research on bacteria to end all the criticisms by using different bacterial markers as "barcodes".
Conclusion
The present review covers recent innovative developments on bacterial DNA barcoding. DNA barcoding is widely used in world wide. Research on bacterial DNA barcoding is yet very limited and still it is in infancy. So, this area of research has to proceed for future studies. Bacterial DNA Barcoding will be useful for identification of bacterial diseases both in plants and in animals. On the basis of this, treatment for the unspecified or unidentified bacterial diseases will be easier in the future. So, this type of research is needful for the society to get rid of facing hazardous bacterial infections.
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